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Experiment on film cooling characteristics for

longitudinal corrugated heat-shield

WANG Minmin, ZHAO Xi, LIN Li, KANG Qingliang

(Guiyang Engine Design Research Institute,
Aero Engine Corporation of China, Guizhou 550081, China)

Abstract; Detailed experimental study on film cooling effect of one afterburner longitu-
dinal corrugated heat-shield was carried out. The surface temperature distribution of the
heat-shield was captured by an infrared thermal imaging camera. The influence of adiabatic
cooling efficiency was analyzed by different plate types, blow ratios and perforated percenta-
ges. In the experiment, flat panel and longitudinal corrugated heat-shield were adopted; the
range of blow ratio was 0.5— 3. 0; the perforated percentage was 1.4% —3.7%. Results
showed that, the film cooling efficiency of longitudinal corrugated heat-shield fluctuated with
the fluctuation of corrugated plate structure and became larger than that of flat panel, while
the film cooling efficiency of flat panel increased gradually along the way; with the increase
of blow ratio, the film cooling efficiency increased gradually and reached to the maximum
when the blow ratio increased to 3. 0; the film cooling efficiency on the valley of the longitu-
dinal corrugated surface was relatively higher than that on the wavy peak; the smaller the

blow ratio, the more obvious the change of the film cooling efficiency with the fluctuation of

75 B #A:2019-06-05

EE B AT AR 1990 —) Lo, TR A1 o %2 A 2Rl 3 20 B HE AR BT

51 FAE R B R R MR L S i) P SRR AR R R B AR M SR (T A B Iy A 4, 2019, 34 (12) : 2648-2655. WANG Min-
min,ZHAO Xi, LIN Li, et al. Experiment on film cooling characteristics for longitudinal corrugated heat-shield[ J]. Journal

of Aerospace Power,2019,34(12):2648-2655.



5% 12 3

F AR G SRR PR B AR S

2649

corrugated plate; the film cooling efficiency changed and increased slowly along the high

blow ratio (blow ratio of 2. 0—3.0). As a whole, the film cooling efficiency increased gradu-

ally with the increase of the perforated percentage, and the film cooling efficiency at small

perforated percentage (perforated percentage of 1.4%, 2. 7%) was not much different, but

on the leeward side of secondary flow, the film cooling with large perforated percentage was high.

Key words:

longitudinal corrugated heat-shield; film cooling; cooling efficiency;

infrared thermal imaging camera; blow ratio
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Table 1 Structural parameters of different plate types

S8 Case 0 Case 1
A/L 0.08 0
s/L 0. 04 0. 04
p/L 0.08 0.08
a 2.0 2.0
o/ % 3.7 3.7

®2 ZBIRSH

Table 2 Experimental condition parameters

S8 Kl
Q. / (kg/) 0.217

T./K 700
G/ (kg/s) 0. 0083

T./K 293.15

level 1 2 3 4 5 6 7 8 9 10
T/K 340 356 371 387 402 418 433 449 464 480
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Fig. 5 Distribution of temperature of heat-shield

wall on different plate types
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Table 3 Mass flow of secondary flow under different

blow ratios

M G/ (kg/s) M G/ (kg/s)
0.5 0. 008 2.0 0.033
1.0 0.017 2.5 0.042
1.5 0. 025 3.0 0. 050
x/L
(d) M=2.0
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level 1 2 3 4 5 6 7 8 9 10
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wall on different blow ratios
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comprehensive film cooling efficiency
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Table 4 Structural parameters of different

perforated percentages

p/L s/L a A/L o/ %
0.13 0.07 2 0.08 1.4
0.10 0.05 2 0.08 2.7
0.08 0. 04 2 0.08 3.7
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Table 5 Experimental conditions of different

perforated percentages

o/ % M G/ (KG/$)
1.4 1.3 0. 008
2.7 0.7 0.008
3.7 0.5 0.008

LeveglP? YO 5 6 7 8 9 10
T/IK 340 356 371 387 402 418 433 449 464 480
Secondary flow —s=

A T il T T
Primary flow —m

N7

x/L

x/L

x/L
(¢) p=3.7%

B9 ANIR T AL AT B 245 BE 1 3t 52 2 Ao

Fig. 9 Distribution of temperature of heat-shield wall

on different perforated percentages
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Fig. 10 Effect of perforated percentage on laterally-

averaged comprehensive film cooling efficiency

3. % i

F LA AR ASOE O 1) 2 S B B T e T 5
B BIE S - I 1 R S I A R SE A s S0 A T AR
T W AUEE L T AL 30 B A 5 v S0 R 8 9 52 i
FEHE R AW

1) V- B 405 v A0 I A A 0 T A 1)
U2 2 B AR 11 4 0 80 3% i 1 AR )R AR TR AR 5
A b e 3 R AT YV R L R A
FRIBIEE P & NS

2) V& B BEAE WO R LL Y g oK . 7
M=3. 0 I ik ) f5e KAH 5

3) VAV TE W WAL G, e Ak B A
Wt e SR 11 AR AR T I8 Bl 5 XL L BN L ¥ R B
e SO S AR A2 1k B B 5 3 O B (M= 2. 0~
3.0 R EIORI R AR AL G IR 218

4) Bl A AL S0 1N F R N K 5
K E NP (o=1. 4%l o=2.7%) F ¥ &)
OB AR TFAL ANV AR E /N T IT AL
KRB IR

S UMk :

L1] ZFfny. 55 RS L& shBLm Iy #h e = iy B AR R S LT .
M2 & 3L, 1996,22(4) ;3-12.

JI Heming. Technical characteristics of afterburner in the
fourth generation fighter[ ] ]. Aeroengine,1996,22(4): 3-
12. (in Chinese)

[2] B fir s PR RS PLR L5 M s (M. de st BB L
b Rt L 2008.

[-3] FUNAZAKI K.,IGARASGI T,KOIDE Y ,et al. Studies on
cooling air ejected over a corrugated wall:its aerodynamic
behavior and film effectiveness[R]. ASME Paper 2001-
GT-0143,2001.

[4] SINGH K,PREMACHANDRAN B,RAVI M R. Expe-ri-
mental and numerical studies on {ilm cooling of a corruga-
ted surface[ J]. Applied Thermal Engineering, 2016, 108
(5):312-329.

[5] NEALY D A,REIDER S B. Evaluation of laminatedporous
wall materials for combustor liner cooling[]J]. Journal of
Engineering For Power,1980,102(2) :268-272.

[6] CHAMPION J W, DESHAIES B, CURTELIN R, et al.
Aerodynamical structure of the wall flow over a wavy sur-
face partially cooled by air injection through multiperfora-
tions[ R]. ATAA 99-1016,1999.

L7 1 JEB, 5N R RFL 2 1] 35 S0 B 35 OB Ve 204 LT .

fiias 3 J1 %4, 2009,24(1) :18-24.
TANG Chan, CHANG Haiping. Numerical simulation of
effusion holes on the longitudinal ripple heat shield[]].
Journal of Aerospace Power,2009,24(1):18-24. (in Chi-
nese)

[871 W & W Mg, 4 ER, &5, 20l i R 8 0 1k B e
WALT]. TR B 2 4R, 2009, 30(12) :2093-2095.
CHANGFei, ,CHANG Haiping. CHANG Guogiang et al.
Numerical simulation of characteristic of film cooling on
corrugated wall[J]. Journal of Engineering,2009,30(12)
2093-2095. (in Chinese)

L9 WM. HEE, & A LY m a3k im < IE % H5k
Ry e[ J]. iz 8h J1 248 . 2009,24(3) :513-518.
CHANG Guogiang, CHANG Haiping, CHANG Fei, et al.
Experimental investigation on film cooling effectiveness of
multi-hole at longitudinal wavy surface[ J]. Journal of Aer-
ospace Power,2009,24(3) ;:513-518. (in Chinese)

[10] NAPOLI P D. Combustor liner with circumferentially an-



5% 12 3

F AR G SRR PR B AR S

2655

[11]

[12]

[13]

[14]

[15]

gled film cooling holes: US11/5233828[ PJ. 1993-08-10.
NICOOL R A,VDOVIAK J W. Multi-hole film cooled af-
terburner combustor liner; US11/5483794[P]. 1996-01-16.
JEB H 9 S N T 3 SO PR A e AR T Y (B F Y
[RI. dbmt: o [ TR 3 L 27 25 46 B0 4% 25 22 R 253,
2005.

FH L HHEN . E B A P SO A S AL R A
LR [T iz 3 Iy 4. 2010.25(8) : 1758-1762.

WANG Yinhui, CHANG Haiping, WANG Yumei. Experi-
mental investigation on discharge coefficient of film holes
in a longitudinal ripple insulated liner[J]. Journal of Aero-
space Power,2010,25(8) :1758-1762. (in Chinese)
SHINBO K,KOIDE Y,KASHIWAGI T,et al. Research of
heat transfer of a liner for an afterburner[ R]. ATAA 97-
3005,1997.

KASAYAPANAND N, KIATSIRIROAT T. EHD en-

[16]

[17]

[18]

hanced heat transfer in wavy channel [ J ]. International
Communications in Heat and Mass Transfer,2005,32(6) :
809-821.

VASUDEVIAH M,BALAMURUGAN K. On forced con-
vective heat transfer for a stokes flow in a wavy channel
[J]. International Communications in Heat and Mass
Transfer,2001,28(2) :289-297.

OHTA T,MIYAKE Y,KAJISHIMA T. Direct numerical
simulation of turbulent flow in a wavy channel[J]. Jsme
International Journal,1998,41(2) :447-453.

ik A o S L R . 2 1) e 0 A5 T O G 5 R
(1. Hek A 2002, 23(3) : 230-232,

LU Yonghua, CHANG Haiping, TAN Haoyuan. Heating
transfer of longitudinal ripple heat shield tunnel[J]. Jour-
nal of Propulsion Technology, 2002, 23 (3):230-232. (in

Chinese)

(. ZEE)





